This paper investigates the effects of exchange rate uncertainty on the volume and variability of trade flows. Employing a signal extraction framework, we show t h a t the direction and magnitude of importers' and exporters' optimal trading activities depend upon the source of the uncertainty (general microstructure shocks, fundamental factors driving the exchange rate process, or a noisy signal of policy innovations), providing a rationale for the contradictory empirical evidence in the literature. W e also show that exchange rate uncertainty emanating from general microstructure shocks and the fundamental factors reduces the variability of trade flows, while that related to a noisy signal of policy innovations increases variability.
Introduction
Since the breakdown of the Bretton Woods system of fixed exchange rates, both real and nominal exchange rates have fluctuated widely. This volatility has often been cited by the proponents of managed or fixed exchange rates as detrimental, since in their view exchange rate uncertainty will inevitably depress the volume of international trade by increasing the riskiness of trading activity. 1 Several theoretical studies (e.g. Ethier (1973) , Clark (1973) , Baron (1976 ), Cushman (1986 , Peree and Steinherr (1989) ) have shown that an increase in exchange rate volatility will have adverse effects on the volume of international trade. Other theoretical studies have demonstrated that increased volatility can have ambiguous or positive effects on trade volume: for instance, Viaene and de Vries (1992) , who explicitly model the forward market, and Franke (1991) and Sercu and Vanhulle (1992) , who consider exporting as an option to a multinational firm facing entry-exit costs in the foreign market.
Given these contradictory theoretical predictions, empirical researchers have examined the effect of both real and nominal exchange rate volatility on the volume of international trade. The overall evidence is best characterized as mixed as the results are sensitive to the choices of sample period, model specification, proxies for exchange rate volatility, and countries considered (developed versus developing). 2 As Côté's survey of the recent empirical literature concludes, "Despite the widespread view that an increase in volatility will reduce the level of trade, this review reveals that the effects of volatility are ambiguous." (1994, p.v) 3 , 4 In this paper, we suggest that in an environment where managers' decisions depend upon both expected return and risk, the relationships between exchange rate uncertainty and both first and second moments of trade flows must be modelled. A n analysis which considers only the (often indeterminate) effects of exchange rate uncertainty on the volume of trade will not be capable of generating predictions of optimal behavior. We employ a partial equilibrium approach to evaluate the effects of exchange rate uncertainty, which is modeled as emanating from three relevant sources: general microstructure aspects of the foreign exchange market, the fundamental forces driving the exchange rate process, or a noisy signal of future policy innovations. We analyze the effects of the exchange rate uncertainty introduced through these sources on both the volume and variability of trade flows using a simple signal extraction framework, in which rational economic agents form expectations about the one-period ahead exchange rate based on available information. In a regime of flexible exchange rates, neither importers nor exporters have perfect information regarding the behavior of future exchange rates, since those rates are subjected to a number of shocks. However, making use of all 2 Negative effects of exchange rate uncertainty on trade flows are reported by Cushman (1983 Cushman ( , 1986 Cushman ( , 1988 , Akhtar and Hilton (1984) , Thursby and Thursby (1987) , Kenen and Rodrik (1986) , and Peree and Steinherr (1989) , among others, while Hooper and Kohlhagen (1978) , Gotur (1985) , Koray and Lastrapes (1989) , and Gagnon (1993) find insignificant effects. Kroner and Lastrapes (1993) , using a multivariate GARCH-in-mean model, report that the reduced-form effects of volatility on export volume and prices vary widely. The estimated effects of GARCH conditional variance of the nominal exchange rate on export flows differ in sign and magnitude across the countries studied. 3 For a survey of theoretical arguments and empirical findings on the relationship between exchange rate volatility and trade flows, see Farell et al. (1983 ), IMF (1984 , Willett (1986) regarding t h e literature through the mid-1980s, and Côté (1994) for more recent works. 4 It should be noted that, in almost all cases, the impact of exchange rate volatility on trade flows has been investigated using aggregated data. However, theoretical models predict that firm characteristics and market conditions determine the effects of exchange rate volatility. Hence, it is imperative that disaggregated data should be used to have a better look at this puzzle.
available past information and a noisy signal regarding future policies, agents can form an optimal prediction of future spot rates. As the information content of the signal improves, economic agents will be able to make more accurate forecasts of future exchange rates, which will affect their trading activities. Consequently, the predictability of exchange rates is expected to affect both the volume and variability of trade flows.
Our analytical framework enables us to contribute to the literature in two important ways. First, our theoretical results help reconcile the empirical ambiguity between exchange rate uncertainty and the volume of international trade and demonstrate that the countervailing effects of different sources of volatility are likely to place any seemingly conclusive empirical results in question. We establish relationships between exchange rate volatility and the behavior of trade flows based on channels not previously identified in the literature. Second, we rigorously investigate the relationship between the potential sources of exchange rate volatility and the variability of trade flows, which, to our knowledge, represents the first such investigation in the literature.
The rest of the paper is constructed as follows. Section 2 presents the model used to analyze exchange rate effects on the volume and variability of international trade. Sections 3 and 4 provide the analytical results for the volume and variability of trade, respectively. Section 5 concludes with a summary of our theoretical findings and draws implications for empirical research.
The Model
In this section we present a simple signal extraction framework to analyze exchange rate effects on the level and variability of trade flows. To that end we extend the model used by Viaene and de Vries (1992) , in which it is assumed that individual merchants have a negligible influence on world market prices. It is also assumed that all invoicing occurs in the foreign currency and consequently domestic firms are exposed to foreign exchange risk. Our approach differs from Viaene and de Vries' in that we allow importers and exporters to acquire limited information on the behavior of exchange rates through a noisy signal. In order to focus on agents' use of information, we do not consider the forward market. 5 , 6
Modelling the Exchange Rate Process
Each period, importers and exporters decide upon the quantities to import and export, respectively, depending on the exchange rate level expected to prevail over the next period. We assume that the exchange rate, denoted by ẽ and defined as the domestic price of one unit of foreign currency, follows the random process given byẽ
5 Viaene and de Vries (1992) model the effects of the forward market to show that exchange rate volatility can indirectly influence the volume of trade through its effects on the forward rate. 6 Some researchers have proposed that the use of hedging instruments could possibly eliminate t h e effects of exchange rate uncertainty on trade. However, there are well-known limitations and costs associated with the usage of currency derivatives. In a recent empirical study, Wei (1999) shows t h a t the availability of hedging instruments cannot explain the observed inconsistent relationship between exchange rate volatility and trade flows.
The first two components of the process in (1) Evans and Lyons (1999) ), excess speculation, bubbles and rumors, bandwagon effects, or the effects of technical trading by chartists or "noise traders". 9 Such shocks are generally short-term in nature and represent temporary excursions from the fundamental value of the exchange rate. In other words, they capture those exchange rate movements that can not be explained by changing expectations of the 7 More specifically, relative money supplies, output growth rates, inflation differentials, and interest rate differentials are some of the fundamental factors affecting exchange rate behavior. Monetary policy has a significant impact on the behavior of these fundamental factors.
8 Although it is possible to introduce high-frequency, mean-reverting components in modeling η t , doing so would complicate the analysis without affecting any of the subsequent results. 9 Taylor and Allen (1992) and Cheung and Chinn (1999) report that foreign exchange dealers rely on technical analysis to form short-term exchange rate predictions, which tend to be self-fulfilling.
underlying economic fundamentals. We assume that the ν t and t η processes are independent.
The decomposition of the exchange rate process in (1) and its functional form assumptions are consistent at both theoretical and empirical levels. Theoretically, the proposed modeling of the exchange rate process is consistent with the chartistand-fundamentalist approach suggested by Frankel and Froot (1988) and empirically tested by Vigfusson (1996) . It is also broadly consistent with the permanenttransitory component decomposition drawn from Mussa's (1982) stochastic generalization of the Dornbusch (1976) exchange-rate overshooting model.
Empirically, Mark (1995) , Chinn and Meese (1995) , and Mark and Sul (1999) show that long-horizon exchange rate movements are determined by economic fundamentals such as relative money stocks and relative real incomes: stochastic processes that are quite persistent. Moreover, the decomposition in (1) directly implies that exchange rate uncertainty is not a truly exogenous variable (as assumed in other theoretical studies) but is rather a function of the underlying volatility i n macroeconomic fundamentals.
We assume that economic agents know the fundamentals driving the exchange rate process ( e, ρ and σ ν 2 ), and that they observe ε t −1 at the beginning of each period. Making use of this information as well as the knowledge of past exchange rate observations, economic agents may form a forecast of the one-stepahead exchange rate. These forecasts will be imprecise since the monetary authorities can affect foreign exchange market behavior through ν t . We assume that individuals acquire additional information on the monetary authorities' innovation ν t through a noisy signal. This information may include policy announcements, central bank intervention, statements of central bankers or
analysts' consensus forecasts as a signal of the stochastic component of the fundamentals. 10 The accuracy of agents' predictions of the one-period ahead exchange rate using knowledge of the fundamentals and a noisy signal on ν t depends on the information content of the signal. We characterize the signal by 
The first term in (2) is the mean of the exchange rate process, e , which is known by the public. The remaining terms capture the forecast of the nondeterministic component of ε t based on the observation of past realizations of the exchange rate and the noisy signal. Hence, using the signal extraction formula in (2), the importer forms a prediction of next period's exchange rate, using all available information along with the signal of future policy innovations to improve upon a naïve (nochange) forecast. Furthermore, equation (2) conveys the idea that the higher is the information content of the signal (the lower is σ ψ 2 ), the more weight agents will place on the signal S t as ∂λ ∂ σψ 2 0 <       in order to predict ν t and therefore t e .
10 Central bank intervention in the foreign exchange market may signal future monetary policy (Kaminsky and Lewis (1996) ). 11 This simple application of linear regression allows an agent in an uncertain environment to predict an "unobserved variable in a manner that is optimal, in a certain sense." (Sargent (1987) , p. 223)
The Behavior of Importers
The importer faces a nonstochastic inverse linear demand function
, where a>0 and P and Y denote the price and volume (quantity) of imports, respectively. 12 Assuming that the nominal price of the imported commodity is one unit of foreign currency, the cost of imports in terms of domestic currency over the next period will be given by ẽY . Therefore, the profit function of the importer is given bỹ
At each point in time, the importer decides how much to import over the next period, which ultimately depends on the level of the exchange rate expected to prevail over the next period. We assume that the importer maximizes the following expected utility function, which is increasing in expected profits and decreasing i n the variance of profits, conditional on the signal S t :
where Y γ denotes the coefficient of risk aversion, 0 < < ∞ Y γ . 13 The expected profit and variance functions in equation (4), conditional on the signal S t , are given by 12 In order to obtain closed-form solutions, as in other studies of information acquisition or sharing, we must assume a linear demand function and an affine information structure as discussed in the text. The same argument holds true when modeling exporters' behavior. 13 The assumption that γ > 0 implies risk aversion. Setting γ = 0 implies risk neutrality while setting γ < 0 implies risk-loving behavior. 
respectively. Maximization of equation (4) 
In order to obtain an economically meaningful ( 
The Behavior of Exporters
The exporter incurs a nonstochastic quadratic cost of production dX + X 2 2 , where d >0 and X denotes the quantity exported. Normalizing the price of exports denominated in foreign currency to unity, the exporter's random profit function i n terms of domestic currency can be written as
The exporter's utility function is given by
where X γ is the exporter's coefficient of risk aversion, 0 < < ∞ 
respectively. Exporters maximize equation (9) with respect to export volume to obtain the optimal level of exports:
We assume that the condition e S d 
14 Note that the trade balance could be positive or negative. The number of exporters and importers, m and n, respectively, is assumed to be exogenously given. Generally, their numbers will depend on t h e profitability of the corresponding trading activities, market size and structure, and other factors. W e do not address this issue in this paper. 15 The effects of the mean level of exchange rates on the trading volume of importers and exporters and the trade balance are obtained by differentiating equations (7), (12), and (13) The obtained results are intuitive and consistent with those in the literature (see Viaene and de Vries (1992) and Franke (1991) for example). A currency appreciation (depreciation) increases (decreases) the expected profits of importers (exporters), thus resulting in an increase (decrease) in imports (exports) volume and therefore a decrease (increase) in the trade balance.
The sign of the derivative in (16) will be opposite to that of the trade balance, that is, it will be positive (negative) in the case of a trade deficit (surplus). The above results can be summarized in the following proposition.
Proposition 1: An increase in the variance of the general microstructure shock i n the exchange rate process reduces the volumes of imports and exports. Similarly, t h e surplus or deficit of the balance of trade is reduced as well.
These results are consistent with earlier findings in the literature. An increase in the variance (volatility) of the general microstructure shock increases the variability of the profit streams of international traders. Under risk aversion, the benefits of international trade are reduced, resulting in a decrease in the volume of international trade. The trade surplus or deficit is reduced as well.
Volatility of Fundamentals and Trade Volume
We now investigate the association between the volatility of the fundamental forces driving the exchange rate process and trade flows. We first differentiate the optimal level of imports in equation (7) 
Again, the sign of the response of export volume to the volatility of fundamentals cannot be determined, as the sign of the first term in the square brackets depends upon the sign of the signal t S while the second term is always negative. If the realized signal is positive, then the sign of expression (19) is ambiguous, depending upon the parameters of the model and the realized value of the signal.
Since neither of the signs of these derivatives may be determined, the sign of the corresponding derivative for the trade balance is indeterminate as well. These results can be summarized in the following proposition.
Proposition 2: The effect of the variance of the stochastic elements in t h e fundamentals driving the exchange rate process on trade flows is ambiguous.

Information Content of the Signal and Trade Volume
As the signal regarding future policy innovations gets noisier (as σ ψ 2 increases), implying that the information content of the signal deteriorates, agents in the economy will put less weight on the signal (since the value of λ is lower) i n forming expectations of the one-period ahead exchange rate, as given in equation (2). A reduction in the information content of the signal will hinder the ability of agents to make reliable exchange rate forecasts and therefore affect their trading activities.
To analyze the effect of a more informative signal regarding future policy innovations on imports, we differentiate equation (7) 
The sign of expression (19) cannot be determined as it depends upon the specific values of the signal and the other parameters of the model. An increase i n σ ψ 2 increases the variance of importers' profits, increases expected profits if t S > 0, and decreases expected profits if t S ≤ 0. 16 Therefore, a sufficient condition for ∂Y ∂σ ψ 2 < 0 is that t S ≤ 0. In the case of a positive-valued signal, the sign of the association between the information content of the signal and the level of imports cannot be determined. In other words, increased noise variance for the signal produces an ambiguous response if the signal is positive.
Similarly, differentiation of the optimal export volume with respect to σ ψ 2 yields These results are summarized in the following proposition.
16 For a given level of Y , the overall effect of σ ψ 2 on the variability of importers' profits is positive as 
Exchange Rate Volatilities and Variability of Trade Flows
We now consider the linkages between exchange rate volatility and the variability of imports, exports, and the trade balance: a relationship of considerable importance, since it directly relates to smoothing the business cycle, which is an important argument in the macro welfare function. Previous theoretical work has only considered linkages between exchange rate volatility and the first moment We can obtain the variances of imports, exports, and the trade balance noting that the random nature of these variables is wholly derived from the signal t S , conditional on other parameters and information known to the agent at time t -1.
Using equations (7), (12), and (13), the variances of imports, exports, and the trade balance can be derived as follows: 18
Var TB
We may now proceed to analyze the effect of exchange rate variances on the variability of trade flows.
Uncertainty from a General Microstructure Shock and Variability of Trade Flows
Differentiation of equations (21) and (22) 
Increased volatility in the general microstructure environment, emanating from innovations unforeseen by both the monetary authorities and the public, leads to higher exchange rate volatility, and thus a reduction in the variability of trading activities. These results are summarized in the following proposition. 
Uncertainty of the Fundamentals and Variability of Trade Flows
We now turn to the response of variability of trade flows to a change in the variance of the fundamental factors driving the exchange rate process.
Differentiation of equations (21) and (22) An increase in the volatility of the fundamental forces driving the exchange rate process is partially observed by economic agents via the noisy signal. Therefore, its potential effects can be incorporated in the decision making process and agents will readjust their optimal import and export volumes in response to increased fundamentals' uncertainty thus leading to greater variability of trade flows. This is in contrast to the effects of increased volatility in the general microstructure environment previously considered, in which case, increased exchange rate volatility cannot be predicted by economic agents. These results are summarized i n the following proposition. 
The Information Content of the Signal and Variability of Trade Flows
Finally, we investigate the effect of the information content of the signal, which is used to predict future exchange rates, on the variability of trade flows.
These relationships can be investigated by computing the derivatives of the import, export, and trade balance variance equations with respect to the variance of the noise, σ ψ 2 . Using equations (21) and (22), we obtain 
Conclusions
In this paper, we have developed a simple signal extraction framework to investigate the effects of exchange rate uncertainty on the volume and variability of trade flows. This framework enables us to identify the effects of three different sources of exchange rate uncertainty, which are associated with a general microstructure shock, the behavior of the exchange rate fundamentals, and the signaling process of future policy innovations. We also add to the previous literature by investigating the relationship between exchange rate uncertainty and the variability of trade flows.
We show that the variance of microstructure shocks to the exchange rate process negatively affects both the level and the variability of trade flows. However, the variances of exchange rate fundamentals and the noise of the signal of future policy innovations have an ambiguous effect on the level of trade flows but positive and negative effects, respectively, on the variability of trade flows. Our analytical results therefore help reconcile the contradictory empirical findings in the exchange rate uncertainty-trading volume relationship, and demonstrate that countervailing effects of different sources of volatility are likely to place any seemingly conclusive empirical results in question. Simply studying the total effect of exchange rate uncertainty is likely to lead to quite misleading inferences regarding the underlying relationship. As the source of exchange rate uncertainty does matter in determining its ultimate effect on the behavior of trade flows, empirical researchers should attempt to estimate the components of exchange rate uncertainty and evaluate their specific effects on trade volume and trade volatility.
